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([SHUWV¶ ([SHULHQFH
&OLQFDO ([SHULHQFH LQ 7&0 7UHDWPHQW RI 5HIUDFWRU\ 1HSKURWLF
6\QGURPH
1LH /LIDQJ 㘖㥝㢇
;L\XDQ +RVSLWDO $IILOLDWHG WR &KLQD $FDGHP\ RI &KLQHVH 0HGLFDO 6FLHQFHV %HLMLQJ &KLQD
5HIUDFWRU\ QHSKURWLF V\QGURPH FKDUDFWHUL]HG E\ D
ORQJ OLQJHULQJ FRXUVH LV GLIILFXOW WR EH WUHDWHG LQ
FOLQLF 7KURXJK PDQ\ \HDUV¶ FOLQLFDO SUDFWLFH WKH
DXWKRU KROGV WKDW DQ DFWLYH 7&0 WUHDWPHQW FDQ EH
DGRSWHG IRU FRQWUROOLQJ WKH LOOQHVV FRQGLWLRQ DQG
HQKDQFLQJ WKH WKHUDSHXWLF HIIHFW ,QWURGXFHG EHORZ LV
WKH FOLQLFDO H[SHULHQFH
3$7+2*(1(6,6 ,1 7&0
7KH PDLQ FOLQLFDO PDQLIHVWDWLRQV RI QHSKURWLF
V\QGURPH DUH HGHPD DQG SURWHLQXULD 7KH HWLRORJ\ LV
FORVHO\ UHODWHG WR GHILFLHQF\ RI WKH VSOHHQ DQG NLGQH\
GXH WR RYHUZRUN DQG ORQJWHUP LQYDVLRQ RI WKH
H[RSDWKRJHQV '\VIXQFWLRQ RI WKH VSOHHQ LQ WUDQV
IRUPDWLRQ DQG WUDQVSRUWDWLRQ PD\ OHDG WR ZDWHU
UHWHQWLRQ ZKLFK LQ UHWXUQ KDUPV WKH IXQFWLRQ RI WKH
VSOHHQ WKXV PDNLQJ LW GLIILFXOW IRU WKH ZDWHU WR EH
UHPRYHG $QG LQ FDVH RI GHILFLHQF\ RI WKH NLGQH\TL
DQG NLGQH\\DQJ ROLJXULD DQG HGHPD ZLOO RFFXU
5HWHQWLRQ RI ZDWHU PD\ FDXVH VWDJQDWLRQ RI TL LQ WKH
OXQJ DQG VSOHHQ DQG IXUWKHU LQGXFH UHWHQWLRQ RI EORRG
VWDVLV WKDW LV DPHQLD WKURPERVLD RI WKH UHQDO YHLQ RU
K\SHUWKURPELQHPLD 5HIUDFWRU\ QHSKURWLF V\QGURPH
ZLWK VHYHUH SURWHLQXULD PRVWO\ EHORQJV WR WKH
GHILFLHQF\ V\QGURPH DQG GHILFLHQF\ RI WKH VSOHHQ
DQG NLGQH\ LV WKH URRW FDXVH
352&('85(6 2) 75($70(17
7U\ WR XVH &KLQHVH PHGLFLQH ILUVW
,W KDV EHHQ IRXQG WKDW LQ VRPH FDVHV &KLQHVH
PHGLFLQHV XVHG DORQH FDQ FRPSOHWHO\ UHPLW WKH
UHIUDFWRU\ QHSKURWLF V\QGURPH ZLWKRXW UHODSVH ,I WKH
&KLQHVH DQG :HVWHUQ PHGLFLQHV DUH VLPXOWDQHRXVO\
XVHG DW WKH EHJLQQLQJ RI WUHDWPHQW WKHUH LV QR ZD\ WR
GHWHUPLQH ZKHWKHU LW LV WKH &KLQHVH RU :HVWHUQ
PHGLFLQHV WKDW JLYH WKH HIIHFWV DQG LW FDQ QRW KHOS XV
WR GHWHUPLQH WKH HIIHFWLYH 7&0 UHFLSHV
,I WKH &KLQHVH PHGLFLQHV VKRZ QR REYLRXV HIIHFW DIWHU
D SHULRG RI WLPH VXFK :HVWHUQ PHGLFLQHV DV GLXUHWLFV
DQG KRUPRQHV VKRXOG EH DGPLQLVWHUHG WKHUH DIWHU 7KH
FRPELQHG XVH RI &KLQHVH DQG :HVWHUQ PHGLFLQHV FDQ
HQKDQFH WKH WKHUDSHXWLF HIIHFW DQG LW PD\ KHOS
ZLWKGUDZ WKH KRUPRQHV DQG UHGXFH WKH VLGH HIIHFWV
(GHPD VKRXOG EH WUHDWHG ILUVW
7KH PDLQ FDXVH IRU QHSKURWLF HGHPD LV WKDW VHYHUH
SURWHLQXULD PD\ LQGXFH K\SRDOEXPLQHPLD IROORZHG
E\ D GHFUHDVH LQ SODVPD FROORLG RVPRWLF SUHVVXUH
$FFRUGLQJ WR WKH 7&0 SULQFLSOH RI WUHDWLQJ WKH
VXSHUILFLDOLW\ ILUVW IRU DQ DFXWH GLVHDVH DQG WUHDWLQJ
WKH RULJLQ ILUVW IRU D FKURQLF GLVHDVH HGHPD VKRXOG
EH WUHDWHG EHIRUH WKH WUHDWPHQW RI SURWHLQXULD
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7KH VWDJH RI REYLRXV HGHPD
7KH DGYDQWDJH RI 7&0 WUHDWPHQW IRU UHSKURWLF HGHPD
OLHV LQ WKH IDFW WKDW WKH &KLQHVH PHGLFLQHV FDQ
UHJXODWH DQG UHVWRUH WKH IXQFWLRQV RI UHODWHG LQWHUQDO
RUJDQV DQG FRRUGLQDWH WKH UHODWLRQVKLS DPRQJ ZDWHU
TL DQG EORRG WKXV JLYLQJ JRRG HIIHFW IRU HGHPD
ZLWKRXW UHODSVH DQG ZLWK OHVV VLGH HIIHFWV
D $SDUW IURP WKH HGHPD RI WKH IRXU OLPEV ROLJXULD
RU HYHQ K\GURWKRUD[ DQG DVFLWHV WKHUH ZLOO EH HGHPD
LQ WKH JDVWURLQWHVWLQDO WUDFW GXH WR K\SRDOEXPLQHPLD
FDXVLQJ IXQFWLRQDO GLVRUGHU QDXVHD GLDUUKHD DQRU
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
H[LD ZLWK JUHDV\ RU VOLSSHU\ WRQJXH IXU DQG VRIW RU
VOLSSHU\ SXOVH ;LDQJ 6KD /LX -XQ =L 7DQJ 佭ⷖ݁৯
ᄤ∸ SOXV :X 3L <LQ ѨⲂ佂 RU &KXQ =H 7DQJ ᯹
⋑∸  SOXV ;LDR %DQ ;LD 7DQJ ᇣञ໣∸  DUH
DGPLQLVWHUHG IRU ROLJXULD HGHPD QDXVHD DQG
DQRUH[LD ZLWK ZKLWH DQG JUHDV\ WRQJXH IXU -LDQJ %DQ
;LD ྰञ໣  RU )D %DQ ;LD ⊩ञ໣ 5KL]RPD
3LQHOOLDH 3UDHSDUDWD VKRXOG EH XVHG LQ DQ DWWHPSW WR
REWDLQ WKH EHVW HIIHFW DQG WKH GRVDJH LV XVXDOO\ J
EXW  J IRU VHYHUH FDVHV -X 3L =KX 5X 7DQJ ḨⲂネ
㤍∸ SOXV =KX /LQJ 7DQJ ⣾㢧∸ LV SUHVFULEHG IRU
ROLJXULD \HOORZ XULQH HGHPD GU\ PRXWK QDXVHD
DQRUH[LD ZLWK \HOORZ DQG JUHDV\ WRQJXH IXU 6KHQ
/LQJ %DL =KX 6DQ খ㢧ⱑᴃᬷ DQG :X 3L <LQ ѨⲂ
佂  SOXV &KH 4LDQ =L 䔺ࠡᄤ 6HPHQ 3ODQWDJLQLV
DUH XVHG IRU ROLJXULD HGHPD DQG GLDUUKHD ,W LV
DSSURSULDWH WR XVH KHDY\ GRVDJH RI &KH 4LDQ =L IRU
LQGXFLQJ GLXUHVLV ZLWKRXW LPSDLULQJ \LQ )DQJ -L
+XDQJ 4L 7DQJ 䰆Ꮕ咘㡾∸ LV XVXDOO\ VHOHFWHG IRU
ROLJXULD HGHPD ODVVLWXGH DQG ZHDN SXOVH &UXGH
+XDQJ 4L 咘㡾 5DGL[ $VWUDJDOL 0RQJROLFL LQ D
GRVDJH RI  J LV DGYLVDEOH WR XVH LQ WKH UHFLSH
6KL 3L <LQ ᅲ㜒佂 FDQ EH XVHG WR ZDUP WKH VSOHHQ
\DQJ SURPRWH IORZ RI TL DQG LQGXFH GLXUHVLV IRU
ROLJXULD HGHPD FROG KDQGV DQG IHHW GLVWHQWLRQ LQ WKH
FKHVW DQG DEGRPHQ ZLWK ZKLWH DQG JUHDV\ WRQJXH IXU
DQG GHHS DQG VORZ SXOVH :LWK WKH LQFUHDVLQJ RI
XULQH DQG VXEVLGHQFH RI HGHPD WKH GRVDJH RI GUXJV
IRU LQGXFLQJ GLXUHVLV VKRXOG EH UHGXFHG DFFRUGLQJO\
VR DV WR DYRLG LPSDLULQJ RI \LQIOXLG $ UHODWLYHO\
ORQJWHUP XVH RI WKH VSOHHQVWUHQJWKHQLQJ DQG
VWRPDFKUHJXODWLQJ GUXJV PD\ HQVXUH D EHWWHU UHVXOW
DQG SUHYHQW WKH UHFXUUHQFH
E 7KH PHWKRG IRU SURPRWLQJ IORZ RI TL DQG LQGXFLQJ
GLXUHVLV LV VXLWDEOH IRU SDWLHQWV ZLWK TL VWDJQDWLRQ DQG
ZDWHU UHWHQWLRQ 'DR 6KXL )X /LQJ 7DQJ ᇐ∈㤃㢧
∸ :HL /LQJ 7DQJ 㚗㢧∸  DQG 0X ;LDQJ /LX 4L
<LQ ᳼佭⌕⇨佂  DUH WKH FRPPRQ UHFLSHV IRU
REVWUXFWLRQ RI WKH VSOHHQTL GLVWHQWLRQ LQ WKH
DEGRPHQ DQG UHWHQWLRQ RI ZDWHU )RU SDWLHQWV ZLWK
VHYHUH HGHPD GXH WR OLYHU TL VWDJQDWLRQ ;LDR <DR 6DQ
䗡䘹ᬷ  &KDL +X 6KX *DQ 6DQ ᷈㚵⭣㙱ᬷ 
VKRXOG EH DGGHG :LWK WKH ORQJWHUP K\SHUOLSHPLD
K\SRSURWHLQHPLD RU K\SHUWKURPELQHPLD UHIUDFWRU\
QHSKURWLF V\QGURPH LV RIWHQ FRPSOLFDWHG ZLWK
WKURPERVLV RI UHQDO YHLQ ,Q DGGLWLRQ WKHUH PD\ EH
VFDQW\ PHQVWUXDWLRQ RU DPHQLD DV\PPHWULF HGHPD LQ
WKH ORZHU OLPEV GDUNHQHG IDFH DQG OLSV DQG SDOH
WRQJXH ZLWK HFFK\PRVLV LQ FHUWDLQ IHPDOH SDWLHQWV
7KH PHWKRG IRU SURPRWLQJ EORRG FLUFXODWLRQ DQG
LQGXFLQJ GLXUHVLV VKRXOG EH DGRSWHG ZLWK WKH UHFLSH
RI 'DQJ *XL 6KDR <DR 6DQ ᔧᔦ㡡㥃ᬷ SOXV &KXDQ
1LX ;L Ꮁ⠯㝱 5DGL[ &\DWKXODH <L 0X &DR Ⲟ↡
㤝 +HUED /HRQXUL DQG 'DQ 6KHQ Ѝখ 5DGL[
6DOYLDH 0LOWLRUUKL]DH SUHVFULEHG
F 7KH WUHDWPHQW RI HGHPD ZLWK WKH FDUS VRXS LV
UHFRUGHG LQ PDQ\ DQFLHQW PHGLFDO ERRNV *HQHUDOO\
WKH FDUS LV XVHG DV D PRQDUFK GUXJ VXSSOHPHQWHG
ZLWK )X /LQJ 㤃㢧 3RULD %DL =KX ⱑᴃ 5KL]RPD
$WUDFW\ORGLV 0DFURFHSKDODH DQG =H ;LH  ⋑ ⋏
5KL]RPD $OLVPDWLV WR VWUHQJWKHQ WKH VSOHHQ LQGXFH
GLXUHVLV DQG HOLPLQDWH HGHPD %DVHG RQ WKH
H[SHULHQFHV RI RXU IRUHIDWKHUV ZH KDYH GHYHORSHG
+XDQJ 4L /L <X 7DQJ 咘㡾剸剐∸ˈFRQVLVWLQJ RI
FDUS  J +XDQJ 4L  咘 㡾 5DGL[ $VWUDJDOL
0RQJROLFL  J &KL ;LDR 'RX 䌸ᇣ䈚 6HPHQ
3KDVHROL  J 6KD 5HQ ⷖҕ )UXFWXV $PRPL J
DQG 6KHQJ -LDQJ ⫳ྰ 5KL]RPD =LQJLEHULV 5HFHQV
 J $IWHU ERLOHG WKH ILVK DQG GUXJV ZLWKRXW VDOW DUH
VWHZHG ZLWK D VORZ ILUH IRU  PLQXWHV 7KH SDWLHQW
VKRXOG HDW WKH ILVK DQG GULQN WKH VRXS RQFH RU WZLFH D
ZHHN 7KH UHFLSH LV VXLWDEOH IRU WKH QHSKURWLF HGHPD
SDWLHQWV ZLWK GHILFLHQF\ RI ERWK TL DQG \LQ PDLQO\ TL
GHILFLHQF\ LQ WKH VSOHHQ DQG NLGQH\ DQG ZLWK
UHWHQWLRQ RI ZDWHU
7KH VWDJH RI VXVWDLQHG SURWHLQXULD
D 7KH SDWLHQWV ZLWK VHYHUH SURWHLQXULD PD\ KDYH
DFUDWLD ODVVLWXGH ZHDN SXOVH ZKLFK DUH WKH
V\PSWRPV RI VSOHHQTL GHILFLHQF\ V\QGURPH $
FRPPRQO\XVHG UHFLSH LV 6KHQ /LQJ %DL =KX 6DQ খ
㢧ⱑᴃᬷ  SOXV +XDQJ 4L 咘㡾 5DGL[ $VWUDJDOL
0RQJROLFL DQG 4LDQ 6KL 㡵ᅲ 6HPHQ (XU\DOHV
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
E 7KH PHWKRG IRU UHSOHQLVKLQJ TL DQG QRXULVKLQJ
NLGQH\ LV VXLWDEOH IRU WKH SDWLHQWV ZLWK GHILFLHQF\ RI
ERWK TL DQG \LQ 7KH FOLQLFDO PDQLIHVWDWLRQV DUH
DFUDWLD ODVVLWXGH VRUHQHVV DQG SDLQ LQ WKH ORLQ DQG
NQHHV IHYHULVK VHQVDWLRQ LQ WKH SDOPV DQG VROHV
WLQQLWXV ORRVH RU GU\ VWRRO SDOH RU UHG WRQJXH WKLQ
DQG ZKLWH IXU RU VFDQW\ DQG GU\ IXU DQG ZLWK WKUHDG\
DQG ZHDN SXOVH $ FRPPRQ UHFLSH XVHG LV 6KHQ 4L 'L
+XDQJ 7DQJ খ㡾ഄ咘∸ SOXV =L +H &KH ㋿⊇䔺
3ODFHQWD +RPLQLV 7X 6L =L  㦳 ϱ ᄤ 6HPHQ
&XVFXWDH 4LDQ 6KL 㡵ᅲ 6HPHQ (XU\DOHV DQG -LQ
<LQJ =L 䞥 ᄤ )UXFWXV 5RVDH /DHYLJDWDH
7KH VWDJH ZLWK ODUJH DPRXQW RI KRUPRQH XVHG
+DYLQJ EHHQ WUHDWHG ZLWK D ODUJH DPRXQW RI KRUPRQH
WKH SDWLHQWV ZLWK UHIUDFWRU\ QHSKURWLF V\QGURPH PD\
VXIIHU IURP WKH VLGH HIIHFWV VXFK DV DFQH LQ WKH FKHVW
EDFN DQG IDFH IOXVKHG IDFH HPRWLRQDO H[FLWHPHQW
DQG IHYHULVK VHQVDWLRQ LQ WKH KHDUW SDOPV DQG VROHV
$W WKLV VWDJH WKH SDWLHQWV PD\ VKRZ WKH VLJQV RI
H[XEHUDQW KHDW RU K\SHUDFWLYLW\ RI ILUH GXH WR \LQ
GHILFLHQF\ :X :HL ;LDR 'X <LQ Ѩੇ⍜↦佂 SOXV
/LDQ 4LDR 䖲㖬 )UXFWXV )RUV\WKLDH DQG +XDQJ
/LDQ 咘䖲 5KL]RPD &RSWLGLV LV SUHVFULEHG IRU
H[XEHUDQW KHDW $QG =KL %DL 'L +XDQJ 7DQJ ⶹᶣഄ
咘∸ SOXV /LDQ 4LDR 䖲㖬 )UXFWXV )RUV\WKLDH DQG
<H -X +XD 䞢㦞㢅 )ORV &KU\VDQWKHPL ,QGLFL LV
DGPLQLVWHUHG IRU K\SHUDFWLYLW\ RI ILUH GXH WR \LQ
GHILFLHQF\ 'D +XDQJ ໻咘 5DGL[ HW 5KL]RPD 5KHL
3DOPDWL VKRXOG EH DGGHG IRU GU\ VWRRO %DL 6KDR
ⱑ㡡 5DGL[ 3DHRQLDH $OED 6KHQJ 6KL -XH 0LQJ
⫳⷇އᯢ &RQFKD +DOLRWLGLV DQG 7LDQ 0D ໽咏
5KL]RPD *DVWURGLDH VKRXOG EH DGGHG IRU YH[DWLRQ
LUULWDELOLW\ DQG LQVRPQLD
7KH VWDJH RI KRUPRQH ZLWKGUDZDO
$W WKLV VWDJH WKH UHDFWLRQV PD\ YDU\ LQ GLIIHUHQW
LQGLYLGXDOV 7KH FRPPRQO\VHHQ V\QGURPH SDWWHUQV
DUH GHILFLHQF\ RI \DQJ GHILFLHQF\ RI TL RU GHILFLHQF\
RI ERWK WKH NLGQH\\LQ DQG NLGQH\\DQJ 7KHUHIRUH
WKH SDWLHQWV VKRXOG EH WUHDWHG E\ ZDUPLQJ \DQJ
UHSOHQLVKLQJ TL DQG QRXULVKLQJ ERWK WKH NLGQH\\LQ
DQG NLGQH\\DQJ %DR <XDQ 7DQJ ֱܗ∸  DQG -LQ
.XL 6KHQ 4L 7DQJ  䞥ं 㚒 ⇨ ∸  DUH XVXDOO\
SUHVFULEHG IRU D JUDGXDO ZLWKGUDZDO RI KRUPRQH DQG
=L +H &KH ㋿⊇䔺 3ODFHQWD +RPLQLV 7X 6L =L 㦳
ϱᄤ 6HPHQ &XVFXWDH -LQ <LQJ =L  䞥 ᄤ
)UXFWXV 5RVDH /DHYLJDWDH DQG -L 1HL -LQ 叵ݙ䞥
(QGRWKHOLXP &RUQHXP *LJHULDH *DOOL FDQ EH DGGHG
7UDQVODWHG E\ 'XDQ 6KXPLQ↉ᷥ⇥˅
